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PILOT S IGN AL FO R -^ SE-MMUyii^hCTOR CELLSM ETHOI) OF 
PILOT TC < R Ml U NGI lANNEi Ql xHTY INDICATORS 

5 

RELATED APPLICATIONS : 

Th( jn sei ap ica : :!aiiTis the benefit of U.S. Provisional Patent Application S.N. 
60,449,729 filed February 24. 2003. 

10 

FIELD OF THE INVENTION: 

The present in* ention is directed to wireless communications systems and. more 
particularly, to methods and apparatus for transmitting pilot signals in a multi-sector ceil, e.g., a 
15 e s n se sect if emissions. 

BACKGROUND OF THE INVENTION: 

In, a. Wireless communi on > ; J e.g. ace ystem - ' * 1 cone is vet 

20 H p ! ^ i f ^ v s I I 

eommiioleations system, a base station (BS) communicates with a plural* •> • \ ■-- < ter-nn^N 
(Wis), e.g., mobile nodes. As a wireless terminal moves to different locations within the base 
station's cell, the condition of the wireless communication channel between the base station and 
ihe wireless terminal may change, e.g., due to varying levels of noise and interference. The 
25 noise and interference experienced by the wireless terminal's receiver may include background 
i< e el jise in tes nte - eb < d ! c < ' be ssi.fi 

independent from the base station*? transmissions power level. However, the self-noise and 
inter-sector interference are dependent on the base station's transmission power level, e.g. the 
transmission power in one or more sectors. 

30 

One method typically used to evaluate the condition of the communication channel is for 
the base station to transmit pilot signals, which are signals typically transmitted on a small 
A ac o j <• ,ie^t iCi^ i.Ov' ! v ^ "m "i^ee m kt w nn e ^ oj mined) 

symbols transmitted at a single constant power level. The wireless terminal measures the pilot 



signals ports to eBS \ the form f a scalar o such is sig i noi.se ^ x 3 o 
,1 equ i metric the case \ i \tot msn is eu 

d ru t i ^ t i L x v' iOvCj 

i i gse scala metric s su eien for the SS s trediet 

5 how the 1 n ' i gt s t 1 >wos. The 

e base stat dete linimum le\ ist m i require i 

; e ble re S n'R s arnal foi the pa i v.; •! at 

scheme; id ri ;1 he o,ise w here • he tola n. induces j 

I -o i t < -ns n v v er-sectt 

1.0 interference from ha e station Uamn ^ \ i i lucent sec - he >m s nl\ ed teriinique of 
obtaining an SNR from pilot signals of one dxed strength level is insufficient. In such a case, 
the information obtained, e.g., SNR at a Single transmission power level, by this commonly used 
technique, is insufficient and inadequate for the BS to accurately predict the received SNR at the 
WT as a function of die signal transmit power. Additional channel quality information needs to 
15 fee generated, collected by the wireless terminal, and relayed to the base station, so that the base 
station can solve for the wireless terminals' function relating received SNR to base station signal 
transmission power level. By obtaining such a function for a wlrel; ss terminal's communication 
channel, the base station's scheduler, knowing the acceptable level of received SNR for a 
particular coding rate, error-correcting code, and modulation used, could efficiently assign a 
20 wireless terminal segments in a channel with an appropriate power level, thus achieving 
* nn ^ s i tsston power, aad/n tccucng overall levels of 

interference. 

Based upon . ^ *v 

25 i Jo vxt i s el sn t n. a ^ vs e is » tvx di > - > s ' m s 

channel quality measuring, e\ aluaung and reporting that will provide the base station with 

sufficients format r sbtat the wireless terminal ei signal SNR as cti 

s s > rt improved ?rse channel quality 

v ! l! ! ( ! V g 1 s v . t > U " - { 

30 wh can facilitate the s of sell mc etference form other sectors of 1 

desirable. 
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SUMMAKY Of THE INVENTlON't 



Improved pilot signal sequences which faciiitat multipk :h« nel i taiity measurements, 
- i iifferents ) Is, are desc 

5 v - 1 ^ m 11 ^ i i ^ s _ v c 

o.i erencs m het jrs of ceil using the same tone e.g i a syrsehi edn 
as the sector in which the pilot signal measurements are being made. 

In cases where different sectors transmit on atone at the same time using approximately 
10 the same power, signals from other sectors while being interference can be viewed as being 
miihtr < v t s ^ \ i <■ c ru oo«se that v> 

be encountered in a sector. 

To measure noise contributions from neighboring sectors a sector NULL pilot, e.g., a 
15 pilot with zero power, is transmitted in an adjacent sector at the same time a pilot signal with a 
< . 1 ore known, non-sei^-^Weris transmitted in t e sectot here the 
received pi U ■: s , v -> ncn: is made. To i (state background noise measurements, a cell 
NULL is supported m some embodiments. In the case of a. cell NULL, all sectors of a ceil 
transmit a Null pilot, on a tone that is used to measure background noise. Since no power is 
20 transm nth -v 1 on the tone during the- measurement, any measured signal on the tone is 
attributable to noise, e.g., background noise which may include inter-cell interference. 



T ^ w s . its ^ cot.^nt v k. ^ e\ n v v 

! * cabca w^e t s BS < 

25 feedback information from the WT, to predict downlink receive SNR for the WT as a function 
of the signal transmit power in the presence of signal dependent noise. Feedback from 
individual WTs, in accordance with the invention, normally includes at least two channel quality 
indicator values per WT, as opposed to a single SNR value, where each of the two channel 
quality in es is ted using a differs f qua y 

30 indicator value generator functions has a first pilot signal measurement corresponding to a 

received pilot signal having a first known transmission power as an input. A second one of the 
two channel quality indicator value generator functions has as an input a second pilot signal 
measurement corresponding to another received pilot signal having a second known 



transmission power which is different from the first known, ttaasmi^ioti power. Each of the 
ds,\mk * ! a i ui » c c a o s ! v t w _ i i one 

is software xxiules or as hardware cui ty al e add ? >i to se t 
mentioned, 

5 

Feedback from individual Wis, including at least two channel quality indicator values 
per WT that are generated using different functions, enables the base station (BS) to transmit to 
Jt^eoeit WTs a " ' m m i - * 

required at the receivers. The total power transmitted by the BS is typically known or fixed 'out 
10 c > ! i HodU'! ent WTs may be different and may vary over time AtaWT 
receiver, the o , , ' , i s - i s . mi 1 w n^ . r * 

- or t-fcv v i ted to as the m» -e c ha* ictei «v s \ 

the noise characteristic line does not in general go through the origin, a single scalar parameter is, 
not enough to characterize this line. At least two parameters are required to determine this line. 

15 

The base station transmits pilot signals on the downlink. In accordance with the 
mwmm S>t< n <i r w t c i - - 1 d r " <• i h ei s < > * 

for the wireless terminal can be determined. In general a first pilot signal is transmitted at a first 
power level to obtain a first point, and a second pilot signal at a second power level, different 
20 from the first power level, is transmitted to obtain a second data point. The second power level 
can he zero in some embodiments. The above pilot signal scheme can be used in a cell using an 
onmi-antenna, that is, a cell 'a ith onh one sector. 

The invention further determines SNR as a function of signal transmit power in a 
25 sectorized cellular environment, in one method of sectorization, each of the different sectors of 
cell may use the entire or ne tl stire trai ssioi src< a nd) 

to transmi ; n ea. h o i ic so tw i he total pov ert ismt red t om e ich sectot is typically fixed 

v - l c <- W i 1- ! iO v i IW > 

between the sectors is not perfect, signals transmitted on one sector may become noise 
30 mi f crv ecu: F hen ore e el 01 t sectors is eons v tst t 

identical or nearly identical signal power (or to transmit signal power in a fixed proportion 
across the different sectors) on a given degree of freedom (e.g., time slot), the interference.: from 
other sectors to a WT n a given sector has the characteristics of signal-dependent noise or self- 
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n «se ;j ci erference from raht-r sea - signa 

power which occurs in embodiment where different sectors are constrained to transmit identical 
or proportional power on a given degree of freedom, e.g., tones in an OFDM multiple access 
system. 

5 

Is accord ce vith the i em >n regular i ^ v c t edc uncd tnt kno e 
Strength level ins lined fro e tatiot to the wireless tem tx i etbe 

dependence of total noise at a WT on the power of the signal by the BS to the WT. Different 
sectors may be, and often are, controlled to transmit at least some pilots on the same tone at the 
10 same ti ne Differe - xto ire oftei co 1 10! ed to use different predetermined transmission 
now es i w 

tone 1 at time Tl, a first sector may be controlled to transmit a pilot signal at a first, power level 
while an adjacent sector is controlled to transmit at the same time XL a pilot signal at a second 
power level on tone I, the second power level being different from the firs? powe? level. 

15 

According to one embodiment of this invention, 'cell null pilots' are used in conjunction 
wit regu j ots to ch; icterize the dependence of total, noise at a WT on the power .of the 
signal transmitted by the BS to that WT. Cell null pilots are downlink resources (degrees of 
frsedom) where none of the sectors of the cell transmit any power. Noise measured on these 
20 degrees of freedom provides an estimate of the signal-independent noise at the WT. Regular 
1 mpiv pilots) ar c s r a tor of the ^eh 

transmits known vf o v- m r.ven <« y edetcnnined powers. Noise measured on the pilots 
ms includes or n oe and provides an -stimate of the total oise, inclu< 

\gia-LO\ in i o^-* 

25 

One feature of the invention is directed to the concept of a 'sector null pilot'. The sector 
ruI! pilots can be used in a sectorized cellular w ireies s s] stem ■■ » estimate the no se as the WT 
for example, when the WT is at the boundary of two sectors and the scheduling between the 
sectors is coordinated so that the WT at the boundary does not receive any interference from the 
30 other sector. Sector nub pilot can be downlink resources where one sector in a cell does not 
transmit any signal energy and the rest or an adjoining sector transmits regular, e.g., non-zero 
pilots. 



-6- 

More generally, other types of sector null pilots can be defined, such as where a subset of 
the sect >rs of a ce ansmits no signal c t kre id he re rai ingsecto s 

transmit regular pii f Uso more ge e ly, the coi din&tec jehed ng among th< 
;an be such that the SS n ce it does no cessarily eliminate) the transmit weronsome 
5 sec to - i a e u e . , \M f-^\;M > ^ sc^ <i-n m so ne 

v t i t nei < t ich signal on U 

tone. 



With the help of various regulai strength pilots a; d/or various null pilot types, a - loan 
10 estimate the noise at the receiver as a function of the power of the signal transmitted to that WT 
under various conditions, "t he invention also concerns itself whh the communication of this 
information from the WT to the BS in order to enable the BS to determine the power to be used 
for transmitting to the different WTs in both omm-eell and sectorized eel! environments. Unlike 
prior art, the channel quality information is not a single scalar value but includes two or more 
IS values which can be used to reflect the effect of self noise and/or inter-sector noise in addition to 
background noise. 

In an embodiment of the invention tor an OFDM based cellular wireless system the 
pilots include known symbols that are transmitted by the base station on specified tones (and 
20 specified symbol times) at a fixed or predetermined power, and the null pilots are typically tones 
fiUi }:t> i.e.. with zero tmnstmsshm power. 

In an embodiment used in an omni-directional antenna depk yment. Known herein as an 
"ommeeil cV^n ebNK -rep, ei > - i te vicncc 

25 sources, including noise that is dependent on the pilot's transmit power. In addition, the WT also 
measures the noise using the cell null pilot tone(s). Taking the ratio of the received pilot power 

} s rs s i SNRihat ii < i s 

noise/interference. The WT transmits back to the BS these two SbTR values, or some equivalent 
l_ - ; _ > ^ \ oC 

30 

In the embodiment of a sectorized deployment with directional sector antennas, a single 
cell is divided into multiple sectors, some or all of which may be sharing the same frequency 
band (degrees of freedom), corresponding to a frequency reuse of i. In this situation, in addition 
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to the cell null pilot, Che invention describes the use of sector noli pilots that are present in a 
subset of the sectors but not all sectors, and also gives a pattern for pilot tones such that a null 

> t e > : v. i ho pilot >me 

other sectors, This allows the WT to measure two or more signal-to-noise ratios, which include 
5 , ts , set of 

SNR-refated statistics, which enables the BS to make an estimate of these received SNR levels 
at a WT as a function of the base station's transmit power. The BS uses the reported channel 
quality values to determine the power level at which to t> t.^Jn^ \ desired SNR at the 

WT. 

10 

In ccord \ ,ie invention a wireless tern k neasu ems - < 

different received pilot signals, which were transmitted at different first and second pre-seieeted, 
and thus known, power levels. The two power levels may be, e.g., a fixed non-zero power level 
and a tratv-mo^ -wer level of zero although other power level combinations are possible 

15 there being no mandatory requirement that one power level be a zero power level. The value 
brained ! imc.tM.nn 1 st sect «. sig t *e wo > istfui otn , \ , 

a fust channel yuaiUy indicator value. The second measured signal value obtained from 
measuring the second received pilot signal is processed by a second function, which is different: 
from the first function, to produce a second channel quality indicator value. The first and second 

20 vi ei qua! di 1 i e tra smitted from the wireless terminal to the base station, lit 
some embodiments, they are transmitted in a single message while in other embodiments they 
are transmitted in separate messages. The channel quality indicator values may be, e.g., SNR 
values or power values. Thus, the first and second channel quality indicator values may both be 
SNR values, may both be power values, or one may be an SNR value and one a power value. 

25 Other types of values may also be used as the channel quality indicator values with SNR and 
powe > taenia: > 

In some embodiments the WT determines its location relative to a sector boundary and 
reports this location information to the base station. The location information is reported to the 
30 Wtse station The reported lot , do mtaUon is normally in addition to the two channel 

quality indicator values is sometimes sent as a separate message. However, in some cases, the 
location information is ^ansmittedin the-same.message as:the two £h|an0l quality indicator 
values. 
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Numerous additional features, benefits and embodiments of the methods and apparatus 
af the i ii are d t 1 u . ripf.it i v 

5 BRIEF DESCRIPTION OF THE DRAWINGS: 

Figure 1 is a simplified diagram showing a transmitter and a receiver used for explaining 
the present invention. 

10 Figure T a > s < i . 1 . srl j us ste r " 

Figure 3 shows an example where noise is dependent on transmitted signal power and is 

;oCd U.l Cvpi . ! UlVentSOn. 

15 Figure 4 shows an example of an exemplary noise characteristic line, showing received 

power vs total noise, and is used for explaining the present invention. 

Figure 5 shows a graph of power vs frequency corresponding to an exemplary 
embodiment, of the invention illustrating data tones, non-zero pilot tones, and a mil pilot tone. 

Figure 0 is a graph illustrating the relationship between SNRL a wireless terminal 
t u * a X T 5 k u ^ i "f a ac C! i !v 'Np iwmie 

nnnt vC 'i in- ' ? i r N -< - here noise is 

independent of the Signal, where the signal dependent tv> < > '• * ' hc 

signal depe de t n se less than e s gi 

iire'7 ^ v ry s lin ee seetor OFDJS embodiment of the 

nven st les, sector null pilot t - ? 

t rdat f - c ? 

30 

Figure 8 illustrates an example of tone hopping of the non-zero pilots, sector null pilot, 
m< ce nul p V s h accordance 9 i h the invention. 
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.a 1 h c- dm:; < ns fof a \ exe n 1 i v ^ - -s -I- j i 3 secto 

embed mei usee to explain the i n i ega c sec-tot bo w > i ' r i tio 

aspects of the present invention. 

5 Figure 10 illustrates a scheme- using 3 sector types, which are repeated for the cases with 

ells i - ec >rs i cc< di nee with the p 

Figure 1 1 illustrates an exemplary communications systems implementing the present 
invention. 

ID 

Figure 12 illustrates an exemplary base station implemented in accordance with the 
present invention. 

Figure i? illustrates an exemplary wireless em <. coord anee with the 

15 present invention. 

Figure 14 illustrates the steps of transmitting pilot tones in multiple sectors of a eel! in a 
synchronized manner in accordance with the present invention. 

20 Figures 15-17 illustrate exemplary pilot tone transmissions along with pilot signal 

transmission power information in accordance with the present invention. 

Figure 11 ites a chart showing the trai f signal <~ t tones 

cu l L s i ^ J s\ f i <-( u . ~ <- i i i i 

25 

Figure 19 is a flowchart illustrating the operation of an exemplary wireless terminal 
implementing the methods of the presets invention. 



Figure 20 is a flowchart illustrating the operation of an exemplary base station 
30 implementing the methods of the present invention. 
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BET AILED DESCRIPTION: 

: he i: ethods and apparatus of the present nvention are well suited for use in a wireless 

5 exemp tr> s ystem 1 100 with a ngh ell 1 104 shown but it is o be i >de i >odJ < ! he system 
may, and often does, u n < many of such ceils 1 104. Each ceil 1 104 is divided into a plurality 
of N sectors wherein N is a positive integer greater than I. System 1100 illustrates the case 
where each cell 1 104 is subdivided into 3 sectors: a first sector SO 1 106, a second sector Si 
d sectot S2 1 110 Cell 1 104 includes & SO/SI sector boundary 1150, a SI/S2 

10 sector boundary 1 152, and a S2/S0 sector boundary 1 154. Sect- >cunt s sat, xumdaries 
where the Signals from multiple sectors,. e.g., adjoining sectors, may be received at almost the 
same level making it difficult for a receiver to distinguish between transmissions from the sector 
in which it is located and the adjoining sector. In the eel! 1104, multiple end nodes (ENs), e.g., 
wireless terminals (WTs), such as mobile nodes, communicate with a base station (BS) 1 102. 

15 Cells with two sectors (N~2) and more than 3 sectors (N>3) are also possible. In sector SO 
1106, a plurality of end nodes EN(1) 11.16, EM (X) 1118: are coupled to base station 1 1102 via 
wireless links 1117, 1119, respectively. InseetorSl 1108, a plurality of end nodes EN(1\) 
1 120, EN (X') 1122 are coupled to base station 1 1102 Via wireless links 1121, 1123, 
respectively. In sector S2 1110, a plurality of end nodes EN(1") 1124, EN (X") 11.26 are 

20 coupled to base station 1. 1 102 via wireless links 1 125, 1 127, respectively. In accordance with 
the invention, the base station 1 102 transmits pilot signals at multiple power levels to the ENs 
1116., 1118, 1120, 1122, 1124, 1126, and there is synchronization of the transmission of pilot 
signals va.no dete? and kn 5 e e s * e ve t a f >rs I s ice 

with the invention, the end nodes, e.g., EN{1) .1.116 report feedback information, e.g., channel 

25 quality indicator values to the base station 1 102, allowing the base station 1 102 to determine the 
vvi ele s term nals recen R as a tunc * vi ni nal Bas 

station 1102 is coupled to a network node 1112 via network link 1 1 14. The network node 1112 
s coupled to oth« etwork nodes, e.g., intermediate node i < sta t, A ^ nocli 
home agent nodes, ere and the internet via network link 1129. Network node 11 12 provides an 

30 interface outside ceil 1 104, so that ENs operating within the cell may communicate with peer 
nodes outside the cell 1 104. The ENs within eel! 1 104 may move within the sectors i 106, 1 108, 
11.10. of the cell 1104 or may move to another cell corresponding to another base station. 
Network links 1 1 14 and 1 129, maybe, e.g., fiber optic cables. 



-11- 



g. 12 illusti exemplary base s BS I implemented rda 

the invention. h ^ ^ . v I ! u i A _\ m * 

ic cui c u i ! - <=tc 00 gure U Tfc buse stat 200 m lute*. 

5 sectorized antennas 1203, 1205 coupled to receiver 1 202 arid transmitter 1 204, respectively. The 
receiver 1202 includes a decoder 1212 while the transmitter 1204 includes an encoder 1214. 
Base station 1200 also mc k \ >i : ! ^ 5 cessot e.g 2 PI 12 6 and memory 
1210. The transmitter 1204 is used to transmit pilot signals into multiple sectors in a 
v i i s^te u cn-f it tennu 12 - 12 e 3 s t 

10 1 204, the processor 1206, the I/O interface 1208, and the memory 1210 are couple together via 
bus 1 200 over which the various elements can interchange data and information. The I/O 
interface 1208 couples the base station 1200 to the Internet and to other network nodes. 

The memory 1210 includes routines 1218 and data/ information 1220. Routines 1218, 
15 which when executed by the processor 1206, cause the base station 1200 to operate in 

accordance with the invention. Routines 1218 include communications routine 1222, a received 
jigi ai : roc ;su\s rot tine I 260 and base station control routines 1224. The received signal 
processing routine 1260 inemdes a channel quality indicator value extraction module 1262 
which extracts channel quality indicator values from, received signals, e.g., WT report, messages, 
20 and a position information extraction module 1264 for extracting WT position information from 
received messages. The position information, in some embodiments, indicates a WT's position 
relative to a sector boundary. Extracted channel quality indicator values, e.g., SNR or power 
■> lues rreprxn d e is don powe caicuiatio outine 1226 for use in cal s ttng 
transmission power for signals transmitted to a WT. The base station control routines 1224 
25 Uv s 25 s nis n powe icu o > re 226 nd s gnal og 

routines 1228 including a pilot signal generation and transmission control routine. 

0 ^formation 12 des di 32, p >ping sequence in! on 1234 

and wireless terminal data / information 1240. Data 1232 may include data from the receiver's 
30 decoder 1212, data to be sent to the transmitter's encoder 1214, results of intermediate 
processing steps, etc The pilot hope- ig eq - nee information 1234 includes power level 
information 1236 and tone information 1238. Tme power level information defines the different 
povvCi evels t v be £ i it mes 1 d generate pilots of various 
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strengths v in the pijt e hopping sequence cordance with fee invention. These pile 
values are set e.g., preselected fixed values, prior to transmission and are known to both the BS 
1200 and WTs in the cell serviced by the BS 1200. Tone info 1238, includes information 
d " t ia> ' ' - t ^ >d > i es o spe< ^ ength e w tones s 

5 sector null tones, and which tones shall be cell null tones, within the pilot tone hopping sequence 
for each sector for eac erminai ID 1246. Wireless te ita/h na i 

sets of data information for each wireless terminal operating withm the cell WT 1 info 1242, 
WT N info 1254. Each set of info, e.g. , WT1 info 1242 includes data 1244, terminal ID 1246, 
sector ID 1248. channel quality indicator values 1250, and sector boundary position info 1252. 
10 Data 1244 includes user data received from WT 1 and user data to be transmuted to a peer node 
v , - i s \\ f 1 Terminal ID 1246 is a base station assigned identification that has 
been assigned to WT I; a specific pilot tone hopping sequence, including various strength pilot 
signals at predetermined times, is generated by the base station corresponding to each specific 
terminal ID 1246. 

15 

The sector ID 1248 identifies which of the three sectors, SO, SI, S2, WT 1 is operating 
n Diet n » i itor : values 1250 im ice i >y WT 1 to tl 

base station in channel quality report messages, that the base station may use to calculate the 
expected received WT! SN& level as a function of base station transmission signal power. The 

20 channel quality indicator values 1 250 are derived by WT! from measurements performed by 
WT! on the various strength pilot signals transmitted by the base station, in accordance with the 
present invention. The sector boundary position information 1252 includes: information 
identifying whether WT! has detected mat it is near a sector boundary, experiencing high levels 
of interference and information identifying which sector boundary WTI is located near. This 

25 information is obtained or derived from position feedback information transmitted by the WTI 
and received by the BS. The channel quality indicator values 1250 and the sector boundary 
position information 1252 represent channel quality feedback information from die WTI to the 
base station 1200, providing information about one or more downlink channels between the base 
station 1200 and WTI. 

30 

Communications routines 1222 is used for controlling the base station 1200 io perform 
various communications operations and implement various communications protocols. Base 
station control routines 1224 used to control the base station 1200 to perform basic base station 
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functionalit) ei s - ado d receptioi sched g d ton pi i n step of the 
method -tf no pi ^e^ n ^u v. e g n j( > > o - p* ! > t > 

ni j v 1 > j tii >< v <. v *ele-s e i tuu ^ec 1 mation The 

s i* ! i i s i ? s i ! <- - vr " 1 en <n. 

5 dete Is to and from the e i owing data tc 

hopping sequences. Pilot signal generation and transmission control routine uses the data/ 
information 1220 including the pilot hopping sequence info 1234 to gene ate a sp< cam pi o? 
tone hopping sequences for each sector. Tire power levels of the pilot tones, included in power 
t A 1 Nf < u s i t ~s . 0 oiOi - se -pw Li •> m - io i 

10 o •> ,is\ v Asxe coordinated and controlled under the direction of the pilot signal 

generation and transmission control routine 1230. This routine 1230 controls the transmission 
of pilot tones, e.g., as illustrated in Figs 1.5-17. Individual processing instructions, e.g., software 
commands, responsible for the transmission of different pilot tones are individual components or 
modules which may be interpreted as separate means which operate together to control the base 

15 station to transmit the pilot tone sequences described and shown in Figs. 15-17. Coordinating 
and/or synchronizing the transmission of various types of pilot, signals between the sectors of a 
, , s < < r - on frequency, and/or symbol transmission time while controlling 
transmission w \ c reless terminal receiving the various levels of transmitted pilot 
tones* e.g„ known predetermined fixed level pilot tones, sector null pilot tones, and cell null 

20 pilot tones, to obtain, e.g., compute from measured signal values, channel quality indicator 
values 1250. In accordance with the. invention, regular (non-null) pilot tones, sector null pilot 
tones, and ceil null pilot tones may punch through or replace data tones that would normally be 
transmitted. Scheduling module i 225 is u^ed to control transmission scheduling and/or 
communication resource allocation. The scheduler 1225, in accordance with the invention, may 

25 besupp o information indicating each enrnna ec c 5NR as a function of 

the base station transmitted signal power. Such information, derived from the channel quality 
indicator values 1250, may be used by the scheduler to allocate channel segments to Wis. This 
j >vvs the BS 120 to £ > e segments on channels 1 ngsuffioi i i ist ssio vert< 
meet recei ved SNR requirements for a particular data rate, coding scheme, and/or modulation 

30 selected to he provided to a W'L 

Figure 13 illustrates an exemplary wireless terminal 1300 implemented iti accordance 
with the present invention. The wireless terminal 1300 may be used as a wimless end node, e.g.. 



a mobile node- Wireless terminal 1300 is a more detailed -representation of the ENs 1114, 1116, 
illS, 1120, 1 122, 1124 shown in the ex* >J > n tic ons system 1 100 of Figure 11. 
Wireless terminal 1300 includes a receiver 1302, a transmitter 1304, a processor, e.g.. CPU, 
P0< C5 *ron r t r i eg, u w ^ 5 " 1 w ^ i , e , k ^ s mm 
5 !i er t gc i j t ^ e ^ v. 1 J v e , 

antei las 1303 1305 wb v. .,e , cu » w « i < * " l - .s ca^ s The 

5 ( £ ler 1312 vi hiie the transmitter 1304 includes an encoder 1314. 

Processor 1306, under control of one or more routines 1320 stored in memory 1308 causes the 
\i el - > 1 si -< , i t ame iv 

10 described herein. Memory 130830 includes routines 1320 and data/information 1322. Routines 
1320 includes communications routine 1324 and wireless terminal control routines 1326. The 
wireless terminal control routines 1326 includes signaling routine 1328 including a pilot signal 
measuring module 1330. a channel quality indicator value generating module 1332, a sector 
boundary position determining module 1331, and a channel quality indicator value transmission 

15 control module 1 333. Data/information 1.322 includes user data 1334, e.g. information to be 
transmitted from the wireless terminal 1300 to a peer node, user info 1.336, and pilot signaling 
info 1350. User info 1336 includes measured signal values info 1337, quality indicator value 
information 1338. sector boundary position information 1340, terminal ID information 1342, 
base station ID inf ormation, and channel report information 1346. Pilot signaling info 1350 

20 m< i . > '-2 oower level info 1354, and tone info 1356 rhe measured 

gaa e 53 nciudes m n i values obtained from measurements, performed 
undei thet teasuring modi 1 « e of an amplitude anc 

phase of a received pilot signal. The quality indicator value information 1338 includes output 
n Me -5 iJ e a ^ i In " e_ i_ mgm^ > ^2 v > <.< . q < \ indicate. 

25 value Information 1 338, when transmitted to a base station may allow the base station to 

determine the Wis received SNR as a function of transmuted signal power. Sector boundary 
position information 1340 includes information identifying that the wireless terminal is in a 
ctorl g g v ess v i i s M ii h inter-sector i erference 

cu r» rice: cOmi aentir tg * e^ <* r the tno . ce i , c s :m? boee^dn g 1 

30 sector. The base station may use the sector boundary information to identify channels in 
adjacent sectors where the transmission power should be turned off to reduce inter-sector 
interference. Channel report information 1346 includes the quality channel indicator values 
I33S obtained or portions of the channel quality indicator values 1338 and may also include 
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sector boundary pos 1 formation 1340 ech e i smiatio? 1346 may be 
Structured *ul im v Ju lmcssag< cad qua! y indicator value o I ups of quality 
indicator values included in a single message. The messages may be sent out ^-periodically at 
I ! t M ! 1 s - 1 \ -e term 111 n t on 1342 epresems a bas* 

5 ition ass n n » the wireless termin > 

elhh ce e s The com D 1344 dc^ information 

peedfe to v o )e value in a hopping sequence, and may also include 

seat ides f 0 alum h ' s i on 



10 he pilot ho >ing sequence information 1352 dei dies for a gh 

base station ID info 1344, which tones 1356 at what time, e.g., OFDM symbol time, should be 
measured to evaluate pilot signals. The pilot signal power level information 1354 identifies to 
the wireless terminals, the transmission levels of pilot signals on the assigned pilot signal tones 
1356 included in the pilot tone hopping sequence 1352. Pilot signal power level information 

.15 * ! I ! 

Communications routines 1324 is used for controlling the wireless terminal 1300 to 
peri rtn n>u« c icaho-v opet - } > a > ->m nrotoeois 



20 Wneless t t i two! routines 1326 controls the basic functionality of the wireless 

terminal 1 300 in accordance with the methods of the present invention. Wireless terminal 
signaling routines 1328 control the basic functionality of the wireless terminal signaling 
includmg control of the receiver 1302, transmitter 1304, signal generation and reception and 
controls the operation of the wireless terminal in accordance with the methods of the present 

25 v o incha g the neas _v pile signals he generate )f quality indicator values, and 

< 1 s s O lit I ^ } 1 < i i „ J 1 i M 

controls die me » em of received pilo igna idea fiedb? e base statio i 
hopping sequence info 1352, and tone info 1356. Pilot signal measuring routine 1330 measures 
at least one of an amplitude and a phase of a phot signal to produce a measured signal value 
30 corresponding to each pilot signal measured. Channel quality indicator value generating module 
1332 includes a power estimation module 1361 and a SNR estimation module 1362. Channel 
quality indica e - v s quality indicator values according t< 

functions, which use the measured signal values 1337 output from the pilot signal measuring 
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]\ 2 includes first an instructions plane s 

<x sl second « lannel quality in > I ' > 1 e e i t s s v ^ . t v sa 
\ 1 t T > 1 > ! ^ vfa\ ^ i t k o i n > 

p V >s( * < J . >. f . ! ^ m - ~ 1 • > Ot ■, J, l -! - S K 

5 est n a i moc i e 362 i k tides so ■ ire h struct! >ns r n c( ntrolling the processor 1306 to 
estimate the signal to noise ratio of received pilot signal (s). The sector boundary position 
detei lining < i 33 i -l ' positioi of the wh s iina] >0« e stive to a 
v, 1 I < i j\ ii . < > > i _ ' s < v >, >o an 

J v _ n f ic 1 1 s ( > si ! J 1 1 a tk XX ^ 1 <a ! 'On 

10 i, nm. s closer to aid v,hic adjacent seen causi - e c cci ^ *nh respect 
to WT 1300. The information output from sector boundary position determining module 1 .131. is 
mi 1 i dary positi reformation .1340 fhe channel < t vai 

transmission control routine 1333 controls the transmission of the quality channel value 
indicator information and sector boundary information to the base station. The channel quality 

15 indie ttoi - <iL e tran - ssion control routine 1333 includes a message generation module .1335. 
Message generation module 1335 controls the processor 1306 using machine executable 
nstructions o generate icssages used t< t > - y'i 
Message generation module 1335 may generate messages with a single channel quality indicator 
value or include at least two channel quality indicator values in a single message. Message 

20 j^rc -l v.* w v : >K - \ *o generate messages, which include pos tion inf. > mat on e.g., 
sector boundary position information 1340 or incorporate such information into a message 
which includes a channel quality indicator valise. The messages, gen.r-j.od by message 

a under conUol of the channel quality indicator value 
transmission control module 1333. Messages corresponding to first and second values maybe 

25 t c msmission purp C juality in u 

is s co rc modi r v s i sag« xsrio embodimen ng 

communication 1 lunnd segments dedicated to carrying channel qualP > indicator values. 
Module 1333 may also control the transn&Ssibft times to correspond to preselected dedicated 
time slots dedicated by the base station for use by a WT 1300 thereby precluding other wireless 

30 terminals from using the dedicated time slots, 

Figure 1 is a simplified diagram showing a transmitter 101 and a receiver 103 which will 
be used for explaining the invention. Transmitter 101 may be, e.g., the transmitter 1204 of base 



station 1200, while receiver 103 may be, e.g., the receiver 1302 of wireless terminal 1300, In a 
communications system, such a? the system 1100, the transmitter 101. often needs to make 
i. V e- ctx 1 i p i - ) i s ! - tie— i: 

i c ete tht code te of the erroi 
5 pow ' ... - 

to hoe km va y.u s v f J.rv k s e i t 'c\cvt 

103. Figure 1 shows an exemplary system 100, in which a transmitter 101 sends data traffic 
4O2104 to a receiver 103 on a forward link .105. On a reverse link 107 from the receiver 103 to 
{ ty Mi- receiver 0X3 e ports the forward Lnk\ i v ? 0*6 to the 

10 transmitter 101. Fhe transmitter 101 then uses the reported channel condition Dot "-.turn 106 
to .Set its parameters properly for transmission. 

Figure 2 shows an exemplary wireless cellular system 200 where a transmitter is 
included in a base station (BS) 201 with antenna 205 and a receiver is included in a wireless 

1 5 terminal (WT), 203, e.g., a mobile terminal or a fixed terminal, with antenna 207, enabling the 
base station 201 to communicate information on the downlink channel(s) 208 to the wireless 
terminal 203. The BS 201 often transmits pilot signals 209, which are typically transmitted on a 
small fraci " s « sion esource and aire generally comprised of known {pre- 

determined) symbols transmitted at a constant power. The WT 203 measures the downlink 

20 channel condition 213 based on the received pilot signals 209, and reports the channel 

conditions 213 to the BS 201. on an uplink channel 215. Note that since the channel conditions 
213 often change over time due to fading and Doppler effects, it is desirable that the BS 201 
transmit the pilots 209 frequently or even continuously so that the WT 203 can track and report 
channel conditions 213 as they vary with time. The WT 203 can evaluate the downlink channel 

25 condition 2 3 sea on eceivedsig Is gthandth roise nd i e erence on the pilot 
209 The, ihmaoo of noise and int ference wr be referred to subsequently as 
"noise/interference* or sometimes just 'noiseh in the prior art techniques, this type of 
information is normally reported in the form of a single scalar ratio such as signai-to-noise ratio 
i SNR} oj an equivalent metric In the case where noise/interfe.ren< e i 5 not dependent o i the 

30 transmitted signal such a single scalat metric is usually all that is required at the BS 20! to 
low the t ved SNR wdl change wtth ss gnal transmit powe; In such a case, the BS 
201 can determine the correct (minimum) transmit power for the coding and modulation it 
selects to transmit from the single received value. Unfortunately, in the multi-sector case, noise 
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resulting from transmitted signals can be a significant signal component making a single scalar 
value insufficie fc curate SNR predk on i - tra ssion power levels 

i s i {ion situati j ] les s 

5 i ect LOO of the inventic j se tot independe ve sis i $ ai 

power H Li depends 1 O. There is general i\ a component of n-isc called s 1 i > sc which is 
proportional or roughly proportional to the power of the signal. Figure 3, shows an example 
where no s gna m i It r t e - 1 i >h >' si ows ; ei ^ d 

powei >ft.hesigna o interest on the vertical axis £13301 vs total noise or he horizontal *xh 

10 303. Total noise, represented by line 305 which is the sum of a > a - < p^ * ' 
signal independent | m 307 r >u« d against the t ved s i ver 317 lere 
may be many reasons for the self-noise. An example of self-noise is the unequal ized signal 
energy that interferes with the received signal. This noise is proportional to the signal strength. 
The uneqn . » o en d result from error in channel estimation or error in the 

IS equdh 'et c( efficients o? from many other reasons. In situations where the seff-noise is 

comparable to or larger than the signal-independent noise, a single scalar downlink SNR value 
(which may be measured on a pilot) is no longer adequate for the BS 1200 to accurately predict 
the received SNR at the WT 1300 as a function of tire signal, transmit power. 

20 This invention provides a methods and apparatus which enable each WT 1300 to predict 

itsdowi u c receive SNR as a function of the signal transmit powei in the presence of signal 
dependent noise 309 and communicate this information to the BS 1200. This enables the BS 
200 U i s.m ! N i - e - ferentfmni os;g - depenc g upon the 

respective SNRs required at each of the WTs, The total power ti ■ s c JS 1200 is 

25 typically known or fixed but the proportion allocated to different WTs 1300 may be different 
and .may vary over time. At a WT receiver .1302, the dependence of total noise 303 as a function 
of the received signal power 3 17 can be modeled by a straight line 305, referred to as the 'noise 
h y i in Figure 3 Sine* te noise cha teristic line 

305 aces v e oo; metei enough to 

30 characterize this line 305. At least two parameters, e.g., two channel quality indicator values, 
are required to determine this line 305. A simple method of determsning this line is to identify 
the location of two distinct points, e.g., points 311 and 315, on it, since any two distinct points 
o uque > determ ne a straight .re Note thai as apractical matter. One po . - determined 
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i 1 v ia i v 1 e i e - .etc; n ed - h i h 

I i Mi; f ts are closer togethei 



S 1e D^sC •> 10 ! t s I m "> !C i i - v. \c w 

5 Is. ! > 1 ^ - i„ j t v i f ' s' s 1 - 

f vi! d v i 1 v 'it 

power level to obtain a first point, and a second pilot signal at a second .power level, different 
from the first power level, is transmitted Co obtain a second data point. The first and second 
pilots can be transmitted at the same time if different tones are used for each pilot signal. 

10 

With respect \ " me ho ] . me ■ ,v ivkJ v c ^ si 1c 
first point 315 on line 305 identifying received pilot power level 317 and a corresponding total 
noise level 319. In accordance with an embodiment of the invention, the BS 1200 transmits 
'null -pilot* signals on the downlink in addition to non-zero pilots. The null pilots are comprised 

15 of transmission resources (degrees of freedom) where the BS 1200 transmits no signal power, 
e.g., transmits a pilot signal having zero power. The second pilot signal the null pilot signal, 
results in point 311 on line 305 and identifies null pilot noise level 313 which is equivalent to 
the signal independent noise 307. Eased on the noise measured on both, the pilots and the null 
pilots the WT 1300 obtains two different noise estimates 313, 315 at two different signal powers, 

20 e.g., 0 power and received pilot power 317. From these two points 311,315, the WT 1300 can 
determine the entire noise characteristic line 305 of Figure 3. The WT 1300 can then also 
communicate the parameters of this line 305 (for example, slope and intercept, or some other 
i fit mation) t the BS 1200 enabling the BS 20) rrai ^ u 

SN'i t 5- , c \ j '< *»! i m * ^ m., r i . r _, o ^ i 1^ ^ oop ieported 

25 multiple channel quality values Since n ip ;>ts have zt g sv dothe > 
other hand, are usually transmitted at a relatively large power, the two points 311, 315 
corresponding to the null pilot and the non-zero plot in Figure 3 are relatively far apart leading 
to a good accuracy m characterizing the one 305. 

30 Signal noise and various signaling issues will now be discussed further. Graph 400 of 

Figure 4 plots received power of a signal of interest on the vertical axis 401 vs total noise on me 
horizontal axis 403. Figure 4 gives an illustration of an exemplary noise characteristic line 405. 
To characters e the line 405 in accord; ice v it i the ho e % J its signs - 
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that enable the WT 1300 to make measurements of at least two distinct points on she line, e.g. 
ponits40"?d s s < ^ sv he it 'Mh rui t v. s erm 

is then transmitted to the BS 1200. For example, the BS 1200 can transmit two different signal 
powers PI and P2 that will be received as powers Yi and Y2 as shown in Figure 4. The WT 
1300 measures the corresponding received signal powers, denoted as 17 41.5 and ¥2 419, and the 
corresponding t >ta noi *e, c ©noted as W 4 13 and X2 4 ] 7, respectively. From XI 41 1 X2 4! ?, 
Yl 415, and Y2 419 y the slope and the intercept of the line 405 can be uniquely determined. In 
one embodiment, PI and P2 are known and fixed. In another emboe ic F2 can be the f lot 

r ■> v. g ) f L v 70 ^ f Mv Cl 

occupies so n )urce but with 2€ power, fog 

does not necessarily have to be zero. For example, PJ can and in some embodiments is some 

positive number smaller than P2. 

Once the noise characteristic line 405 has been determined by the BS 1200 from received 
feedback information, the BS 1200 can calculate the SNR at the WT receiver 1302 for any given 
i - x>xver < ore> n sle Hguie 4 shows the procedure of determining the SMR 
corresponding to a given transmission power Q. First, the BS 1200 finds the corresponding 
received, signal power ¥421 of transmission power g, by linearly interpolating between the 
points (Y2,P2) and (YLP1): 



PI- Pi 



The corresponding noise power corresponding to a transmission power O is given by linearly 
interpolating between the points (X2, P2) and (XL PI): 



25 



, ■ ,w-_ . , 



then SNR(Q N " s seen by the W 300 fo SS transmit power Q, is given by: 

¥iP2 -. p\) + {¥2~n%Q---m) 



SNRiQ) 



x xlit X2~xhq f; 
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Poi 1 \4l n he 1 oise c u teristi» line 105 sh swi in i gure 4 ias tb x-ax s value ol X 421 

21a j c 1 1 ^ 6 \ > he "> h ic 

that connects point A 41 1 and the origin 422 is SM{0, the SNR at the WT receiver 1302 if 
5 i ! J ed i I v i c k. n k v v 1 1 

o,w ^ j v t n Ni . , '0< >^ bs n t bkrm r b^e p\ " i t 
transmission power is required 10 meet a given SNR requirement for the WT 1300. 

Fm 1 -v., „ -> ( r e > b w T ai 1 ei|i.ioraUc 

10 > 1 t v - to one exenij \v 1 * 

which the wireless cellular network uses Orthogonal Frequency Division Modulation (OFDM). 
In this exemplary case, the frequency 505 is divided into 31 orthog < such 

si ! lev do not interfere v. <th each othei at the receive e^ en in t e 

presence of muitipath fading in the channel The minimum unit of signal transmission is a 
15 single tone in an OFDM symbol, which corresponds to a combination of time and frequency 
resources. 

Figure 5 shows the power profile of the tones at a gi ven OFDM symbol. In this 
embodiment, a pilot 5 15 is a known symbol sent at a fixed pilot power 507 on a tone, and the 
20 null pilot 5 13 is a tone with zero transmission power. These pilot tones 515 and null pilot rones 
513 may hop over time, meaning that from one OFDM symbol to the next, the position that they 
occupy may vary. Over extended periods of time, the pilot signal transmissions are periodic due 

I lis Fn f 1 ] b t t l 

; 5 the tone local or s of the pilots 5 1 5 and the null pi ats 5 1 3 are known to 
25 both the BS 1200 and the WT 1300. Twenty-six data tones 511 are also shown in Figure 5 with 
».c ie- c 1 t r mo power level 509. Figure 5 le o 1 - puo; oie t^sra^or 
power level 515 is significantly higher man the data tone transmission power level 509, allowing 

< v i i t 1 o se b ^ei c the au i sioi 

powe 509 may not necessari!} % < 1 " f data tones as shown in Figure 3, but 

30 level 509 may vary from data tone to data tone. 



In the situation oi a wireless deployment situation deployed with omm-mrectional 
antennas, the embodirneni specifies a smdc null pu«H known as the cell mill pilot. Supple that 
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l] bttvMO SiC Vti * \\ t v - ~c 5 i ■* * "M s 

transmitted at power Q, as indicated In Figure 5, B> looking ai the received signal for the pilot, 
the WT 1300 is able to measure the SNR, which we refer to as SAW/. The goal is for the base 

i s _i be able t< sit. ! ^ licb is the SNR t 

^ i t ! iii? - in _ \ s ^ ^ a v 

which ma e differes on f 

Tftekncvl- ^0 SNR ^ impoita* - , < , s 

coding ra^f and? i it can be supported For a specified target block 

k. c i .e g ' i T -oi i / if. a o.e j a .-"iv. 5 > i smgk e-veHL-sd s i i d for 

each coding • i -sie s - i aetata i SNi* 1 t the 

1 SNR ri vl the i i essfui sion to be le 

than, the specsOed target rare (e.g., 1% block error rate). From this point of view, it is desirable 
for the BS 1200 be able to accurately estimate SNR(Q} in order to solve for the transmit power Q 
that: will produce an SNR that exceeds the .minimum SNR for the desired code rale and 
modulation constellation. 

The relationship between SNR(Q) and Q depends on the signal-dependent noise. For the 
sake of description, we assume that the signal -dependent noise is proportional to the transmit 
pow or and u se the ch ei si h 1 ne 305, 405 as shown in Figures 3 and 4 to characterize 
the dependence of the total noise as a function of the received signal power. The principle can 

si i U C\ ^ ( - i ^ 

Let r denoio ;he — — <- g « so la when the BS %j >mi s a, acw l\ the receded 
• ( m ^ c s iis ^ « 1 s i a k 'f repress.? 

the signal-dependent noise, where y is the proportionality factor to the transmit power P. Then 

%1 v) ,u " ; - c v ' v C T SK 
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where P is the constant transmit power of the pilots and <¥ is the signal-independent noise seen 
by the WT 1300. We call this 'SNR1 ' to indicate that it treats the signal -dependent interference 
as a single entity. 



5 3 y using the m > possible for the Wl 00 to separately m >e sig 

independent noise N, since there is no power transmitted by the BS 1200 on this null tone. By 

possible est e; SNR that i ee of signal -dependent noise. Let us represent this ratio by 

s i i 1 vkt! es.hatitvonskie n» - it aetse 

N 

10 Then the relationship between SNRl(P) and SNRO(P) is given by: 



SA'M(f) SNRQlP) a' 
For notation al simplicity, let us define 



< omparing w th the i ec t ne shown in Figures 3 and 4, one can see that. SNR0(P} 

corresponds to the x-axis intercept of the line, while SMI is equivalent to the slope of the line. 
20 Then as a function of SNR0(P} and SRR1, we can write: 

In an embodiment, the measurements SNRDtPj mdtht SMl are reported by the WT 1300 to the 
25 BS 1 200. From these reports, the BS 1200 can compute SNR1(P}- 

Graph 60* ^F,g'e>, ! t rates the re tionship between SNE1(P) o the ven al axis 
601 and SNRO(P) on the horizontal axis 603, where the SNRs are plotted in dB. Three curves 
illustrates by lines 605, 607, and 609 representing SEE 1=0, $RRI~0,5 and SMl-U 
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respectively. The case oiSRRl^O {lim 605) corresponds to the situation where noise is 
independent of the signal, so that SNRi(P}~SNRO(P}. The case of SRR1=1 (line 609) 
corresponds t( the case where the endent nois £ e so lh sac 

possible for SNRl(P) to exceed 0 dB. 

5 

From the information received from the WT 1300, the BS 1200 can then compute the 
received SNR as a function of the transmit power Q for the data traffic. The received SNR by 
s > dept dei oise and takes the form 

I verting c performing subs unions gives: 

wu > . 
5«fe)= , 

5iVi?0(P)-Si?Si-i 

15 

Hence as a function of the values SNR0(P} m&SRRl reported by the WT 1300, it is 
possible to predict the SNR as seen by the WT .1300 for any transmit power Q. These 
derivations illustrate that using the null pilot, the WT J 300 can determine and transmit statistics 
to the BS 1200 which enable die BS 1200 to predict SNR as a function of transmit power in the 
20 presence of signal -dependent noise that is proportional to the transmit power. 

No rh*: i h.m senmng 5W\W and RR1 ere. « 1 ic mal ers ot 
reports that the WT 1300 can send to the BS 1200, which fall within the scope of the invention. 

25 The methods and apparatus of the present invention are particularly useful m a multi- 

sector cell. In. wireless cellular systems, base stations 1200 are often deployed in a configuration 
where each cell is divided into multiple sectors as shown in Figure i 1 . For a sectorized 
environment, the interference between sectors 1 106, 1 108, 1 1 10 has a significant impact on the 
r u I " Jitton t gn < x t e I noi si. ignal 
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dependent portions, each of which is proportional to the signal power from other sectors of the 
same cell 1 104- The noise characteristics in this case are more complex than what is shown m 
Figure 3, because in this sectorized situation, the total noise includes two or more signal- 
dependent components instead of one. However, the total noise can still be characterized by a 
5 s. « j ! s !m v \ i"T e characteristic hm 

can be described, for example, by an intercept and slopes. The intercept is a function of the 
signal-independent noise portion and each slope corresponds to the proportionality of the signal- 
depends < ) s 

10 In certain scenarios, however, the description of the noise characteristic line can be 

simplified. For example, in an exemplary method of sectorization, where the each of the sectors 
of a cell may use the entire or nearly the entire transmission resource, e.g., frequency band, to 
transmit in each of the sectors. The total power transmitted from each sector is typically fixed or 
known but different Wis 1.300 may receive a different fraction of it Since the isolation 

15 between the sectors is not perfect, signal transmitted on one sector becomes noise (interference) 
to other sectors. Furthermore, if each of the sectors 1106, 1108, 1110 is constrained to transmit 
identical, proportional or nearly proportional signal power on a given degree of freedom, the 
interference from other sectors to a WT 1300 in a given sector 1 106, 1 108, 1 110 appears like 
signaf dependent noise or self-noise. This is the ease because the interference from other sectors 

20 scales k p< wet so that the noise characteristic line is similar to what is shown in 

Figure 3. 

In accordance with the invention, the BS 1200 transmits signals such as the 'cell null 
pilot that enable the WT 1300 to evaluate the intercept of the noise characteristic line with all of 

25 the signal -independent noise. In addition, as an example, the scheduling amongst the sectors 
1 106. 1 108, 1 1 10 may be coordinated so that WTs 1300 at the boundary 1 150, 1 152, 1 .1 54 of 
sectors do not receive any interference (or receive reduced interference) from other sectors, in 
accordance with the invention, the BS 1200 transmits signals such as the 'sector null pilot' that 
enable the WT 1300 to evaluate the slope of the noise characteristic line taking into account only 

30 the signal -dependent noise from a subset of sectors. In accordance with the invention, the WT 
m ports th sign depende SNR and these c erent slopes rsomeequ e t 
of information, back to the BS 1200 on a reverse, link. 
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( t m signah g tor an embodi 31 
case of a sectorized cellular wireless system using Orthogonal Frequency Division Modulation 
(QFDM). Considc aBS 12 v ■ 2 sec s 701, 703, 705, .in which the same carrier 
f Cvuen^A is reused i ectors 701 7i r ot p r I resp > r 

5 701, 703, 705 are indicated by reference numbers 709, 713 and 717, respectively. Data signal 
power levels are indicate d b} reference numbers 711, 715, 719 for each of the first through third 
sectors respec >e v I c sitjaeon of oihe- i no t i \ xo s wi x L fi 

three sectors 1 106, 1108, 1 110 of the base station 1 200 be represented by SO 70 L SI 703, anil 
S2 705 as shown ;n Figure 7. Figure 7 shows a tone allocation for the downlink transmission at a 

10 7 i ; ^ h " ii ! * v n s v a \ j t \ 

u.-o- k<nc ™ ( e - ± e-c 1 ot tone 72*737 and to. e t \ar\plar\ 

null pilot tone 72 1 , across the three sectors. Since it is assumed that each of the sectors share the 
si) roe Ovquenex hand, the corresponding tones between sectors will interfere with each other. 
Note that the position and order of the tones are shown for illustrative purposes only and may 

1 5 vary in different implementations. 

In accordance with the invention, the downlink signal includes one or more cell null 
pilots, which are null tones that are shared by each of the sectors 701, 703, 705. In a cell null 
pilot 729, there is zero transmission power in each of the sectors 701,703, 705. hi addition, the 
20 os ! s s neoruxne sector nu b 721,723, 725 where the transmission power is 

zero only in a subset of the sectors 701, 703, 705. In the same tone as the sector null pilot, it is 
desirable to have a pilot tone or a data tone whose transmission power is fixed and known to the 
WI .1300 in the other sectors. For example, sector SI 703 sector null pilot 723, has 
corresponding sector SO 701 pilot tone 731 and corresponding sector S2 705 pilot tone 737, 

25 

In one embodiment shown in Figure 7, there are 4 pilots. I sector null pilot and 1 celt 
null pilot in each sector 701, 703, 705. For example, sector SO 701 has four pilots 731, 733, 735, 

and one m pilot 729 These c c esc nge< sus I that 
e C vxt< i ! « i ° V - -o 

30 example, sector SO 701 has unique pilots 735, 727; pilot 731 shares a tone frequency with pilot 
737 of sector S2 705; pilot 733 shares a tone frequency with pilot 739 of sector SI 703. In 
addition, the sector null pilot for one sector coincides with pilot tones in the other sectors. For 
example, for the null tone 725 m sector 32 705, a pilot 733, 739 is transmitted on the same tone 
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in sectors SO 701 and SI 703, respectively. The locations of the pilot tones, the cell null tones 
and he sector m $re known to icBS 12 WT 1300 

i i t i > r h>; ' O'.c '! I ' s u e s la 

5 frequency diversity. Figure S gives an example of the tone hopping of the pilots, cell null pilots, 
and sector null pilots. Graph 800 of Figure 8 plots frequency on the vertical axis 801 v$ time on 
the horizontal axis 803. Each small vertical subdivision S05 corresponds to a tone, which each 
>a) < ( r ^ ~ l ^ i < jn * r u h 

represented by a small box with vertical shading. Each sector null pilot SI 1 is represented by a 
10 so bo> i honzo ne shading Each cell nul pilot 8 > is rep seated \ small bo\ 
with cross hatched shading. 

Irs an embodiment, the pilot tones essentially hop following a modular linear hopping 
pattern. In accordance with the invention, the sector null tones hop following the same modulat 
15 linear pattern as the pilot hopping with the same slope value. Moreover, in one embodiment of 
the invention, the ceil null pilot tones also hop following the same modular linear pattern as the 
pilot hopping with the same slope value. 

In an embodiment, the data tones essentially hop following & permuted modular linear 
20 hopping pattern, In another embodiment of the invention, the cell null pilots hop following the 
same permuted modular linear pattern as the data hopping. In that embodiment, when a cell null 
pilot lone collides with a pilot tone, either the transmission of the pilot tone m each < the secern 
is suspended and the pilot tone is effectively erased, or the transmission of the pilot tone 
continues in at least some of the sectors and the cell null pilot tone is effectively rendered 
25 unusable. 

Suppose that the WT 1300 has a link established with sector SO of the base station 1200, 
and that the channel gain from SO to WT 1300 is given by a . Similarly, suppose that the 
channel gam from SI to WT 1300 is given by 0 „ and from S2 to WT 1300 is given by y . 
30 Finally for completeness, suppose that the signal-dependent: noise in the link from SO to WT 
1300 includes self-noise that s proportional to the transmit power with a channel gam of S. 



5 



Suppose that the transmit power for the data tones on the three sectors is given by QO, 
01, and 02, respectively. Then the received SNR for the link from SO to WT 1300 is givers by 



For the remainder of this discussion, it will be assumed that the interference due to the 
o I e sees rx po an ,(2) s i h a tl ir e v 

same sector <SQ0 , so that for simplicity this term will be omitted in the subsequent discussion. 

10 The WT 1300 should provide a set of parameters to the base station so that it has enough 

information to predict the received SNR for the downlink data transmission from SO to WT 
1300. To obtain that information, it may use the null pilot tones. Usingaceil null pilot, in 
which the transmi ssion in each of the sectors is 0, it is possible to measure the signal- 
independent noise. Comparing that with the received strength of the pilot from SO gives the 

15 following SNR: 



r <■ x \ L •> i ' . ! v . i - < om-i UK 

20 the SNR in the situation when one of the neighboring sectors is not transmitting. In particular, 
for sector SO, consider the pilot tone that corresponds to a sector null pilot tone in $2. Then 
v i ^ s '\"v v > " >t ' v -> * ^ 1 give the value 



,SP + N 



where the interfering sector is SI (with path gain fi). Similarly, by measuring the SNR on the 
pilot tone that is a sector null tone in SI,, the interfering sector is sector S2 (with path gain y ), 
and the resulting SNR is given by 
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SNRl>{P} = . 

1 ' fP + N. 



8 v 

The siopc- m ,\ no* >e ch,;r.:oo : ■■; sme ip. ihesr v c^ses arc ~ a id — . respecti vely. 



5 Nexl SNR ec leasun g pilot toi at do not co po 3 sccto 

null pilots i the of e - SNR measurement takes into account the interference 

from the other two sectors. This measurement is called SNR2 since n includes interference 
from two sectors. 



10 SNR2{P} = 



B + y 

The Tone of die noise chaoictensoc ; ; this case . 

1 a 

By defining the following SRR as proper slope values of the noise characteristic, lines, it 
15 is possible to relate 8NRl fi {p), SNR\ r {P), and SNR2(P) to SNROiP): 



a 

epjnr _ Z. 



The SRRs themselves can be competed in terms of the SNRs as follows: 

20 

SRR2 = 



SRRl 
SRRl v 



snr: 


2{P) SNM%P) 
1 1 


SNI 


i i 
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Note that SRR2 can be found as the sum of $RRl f! and SRRV . 



Then the SNB i i < .^eSRRs 



5 



SNRV'{P}^ 



I'rSRRl-SSROir) 
SA7? ()(P) 



SNRO(P) 



i + 5& £ ei'"-&^o(p) 



If the WT 300 reports a sufficient set of these statistics (e.g.. 



SNRQ{P). SRRV\SRR] r ,SRR2 ) to the base station J 200, the base station 1200 cm predict the 
received SNR by the WT 1 300 based on the transmit powers Q0, Ql , and Q2. In general, the 
SNR as seen by the WT 1300 for a data transmission with power Q0, with interference from 
sectors ' and S3 with powers Ql and £>2, is given in terms of the measurements made on the 
15 pilot tone with transmit power P as: 



20 901 includes three sectors SO 903, S 1 905, and S3 907, Fig 9 shows a WT 909 near the 

boundary with sector S i 905. where WT 909 receives significant downlink interference from 
sector S 1 905. Cell 921 including three sectors SO 923, SI .$39925, and S2 927 shows a WT 929 
in the center of the sector SO 923, away from tire sector boundaries. Ceil 941 including three 
sectors SO 943, Si 945, and 52 947 shows a WT 949 near the boundary with sector S2 941, 

25 where the WT 949 receives significant downlink interference from sector S2 947. 




SNRQj p) 



In T,g re 9 d agram 900 j x>ws u e s tuaiioi s tor an exempla s v 
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! civ. U t i ^ ei - 1 he > - it, ^ K "vvs ^ 

subset oi te lea ed statist - t BS 2> ) in ' e t reduce e s " it <r > to i i< 
conveyed on the reverse link, e.g., the uplink. 

In the situation shown in Figure 9 with respect to cell 901, suppose that the WT 909 in 
sector SO 903 c \ ootdinated 
scheduler 1225 for the base station can turn off die data transmissions in sector SI 905 that 
interfere with the transmissions from sector SO 903 to the WT 909. Meanwhile, the transmission 
in sector S2 907 is coordinated so that it has the same or neatly the san transmit ver£ 
sector SO. Then the SN'R seen by the WT 909 will be given by 



SNR0{P) 



sr.rv'-snmKp)*- 

Q 



m which case it is sufficient to report $NR0(P) m& SRRl r \ 

15 

Next, for the situation shown in Figure 9 with respect to cell 92 1 , in which the WT 929 is 
not near a sector boundary, it is possible to transmit on most or all sectors without causing too 
much interference to the WT 929. In this case, suppose the base station scheduler 1225 makes 
the simp! fying as ha each of the three sectors should transmit data with the same 

20 power 0. Then the SNR seen by the WT 929 for a transmission from sector SO 923 is given by 



SNROjP} 



In this case, it is sufficient to report SNRO(P) and SRR2. 

25 
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Next, for the situation shown in Figure 9 with respect to cell 94 J , the WT 949 is located 
near the sector boundary with sector S2 947. Since the WT949 receives significant interference 
fron iec-toi S2 947, a coordinated schedules 1225 to; the base station 1200 can turn off the 

ectorS2 947 Me s « - *sion foi 

sector SI 945 is schedule e n - > Q as S 3. The e v n x 

seen by the WT 949 will he given by 



AT 

SNRQjP) 



in »oh ,aso t ^ ' FR 

Hence, if the BS 1200 restricts the transmit powers such that they are equal to some 
value Q or are equal to 0, then in each of the three possible configurations, only a subset of 
information needs to be transmitted from the WT 1300 to the BS 1200. In particular, in ; One 
embodiment, the wireless terminal 1300 makes a decision as to which of the situations (e.g., as 
shown in Figure 9 cell 901, Figure 9 cell 921 and Figure 9 cell 941) the WT 1300 is currently in. 
'T his information can be transmitted by the WT 1300 to the BS 1200 as a two-bit Sector 
Boundary Indicator. The sector boundary indicator indicates wireless terminal position 
information relative to a sector boundary. The first bit could indicate whether the WT 1300 is 
on a boundary so that it is necessary to mm off the transmission in the neighboring sector. The 
second bit could indicate which of the two sectors causes more interference. Possible 2 bit 
sectoi boundary indicators are listed in the first column of I able 1 set forth below. The second 
column ol - x nc c r " itbrma f he third col un c >1 

•action to be taken by the BS 1200 in response to receiving the corresponding sector boundary 
indicator. The fourth column lists the two channel quality indictor values reported given the 
vv es r igrep eel sec to 1 v ! < tor listed in th same % 
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Sector Bound ary 
IndicMor 




Other sectors 


WT reports | 


00 




Transmit on ail sectors 


$MR0(P), SRR2 j 


10 


mjQAQ) 


1 n off secto S2 


SNRO(P) SRRV 


1.1 




Turn off sector S 1 


SNROfjP), SRRl 0 



TABLE ! 



5 In this way. since the WT 1300 identifies to the base station 1200 *hieh tonfigurudon it prefers, 
the WT 1300 needs to only report SNROi P) and one of the three SRRs. 

A multi-sector cell with an arbitrary number of sectors will now be discussed. In another 
embodiment of this invention, for the situation where there are an arbitrary number of sectors, 

10 the sectors are divided into three sector types, which we will label SO, SI and S2. This 

classification into sector types is done in such a way that two adjacent, sectors will not have the 
same type, I ssurae i t t j.v< i ^ i is effe erference h 

considered small enoug i as to not be si> - t ferersee is from 

adjacent sectors of different types. Hence it is possible to treat this situation m an analogous 

1 5 fashion to the case of the 3 -sector cell, since the primary source of interference in each sector 
comes fn*r ! n \ g sectors. 

rur.ne h't oi. sude-, u c i ; 1000 that shows the sector types forexensplarv cells 100 L 
102.1, and. 1041 with 3, 4 and 5 sectors, respectively. Ceil 1001 includes a first sector SO type 

20 sector 1003, a first sector SI type sector 1005, and a first sector S2 type sector 1007. Cell 1021 
includes a first sector SO type sector 1023, a first sector S.1 type sector 1025, a first sector S2 
type sector 1027, and a second SSS1 type sector 1029. Cell 1041 includes a first sector SO type 
sector 1043, a first sector SI type sector 1045. a first sector S2 type sector 1047, a second SO 
type sector 1049, and a second SI type sector 1051. Table 2 set forth below gives an example of 

25 a plan for different numbers of sectors, where the order of the list of sector types corresponds to 
the order proceeding (e.g., clockwise) around the sector. 
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lector types 


I 


SO 


2 


SO, S i 


3 


so, si s: 


4 


80,81,82,51 


5 


SO, S I 5 ; SO > 


6 


SO, SLS2, S0,S!,S2 


7 


S0,Sl,S2,S0,Si,S2,Si 


8 


SO, Si, S2, SO, SI, S2, SO, SI 


9 


SO, Si, S2, SO, Si, S2, SO, Si, S2 



TABLE 2 



Usi ng the above sector type scheme, the scheme involving cell nul pilots and sector' null- 
5 pilots for the case of three sectors can be used for an arbitrary number of sectors. 

While described in the context of an OFDM system, the methods and apparatus of the 
present invention are applicable to a wide range of communications systems including many 
non-OFDM. In addition, some features are applicable to non-ceiluiar systems. 

.10 

In various em edhe e i s > i i using one ot more 

modules to perform the steps corresponding to one or more methods of the present invention, for 
example signs proa si g,mes ig« generation and/or transmission steps Tims, in some 
ens oe '-o^toc'it o tneti^ i iei.'TdC %nerto 1 s-g Seen 

15 modules may be implemented using sol van h dware a nb at < o software no 
hardware. Many of the above described methods or method steps can be implemented using 
bnetn ^ a ^ ■» t * * t>\wC vli J : r t'o'-e « 1 me» w 

as a memory device, e.g.. RAM, floppy disk, etc. to control a machine, e.g., general purpose 
computer with or without additional hardware, to implement all or portions of the above 

20 described methods, e.g., in one or more nodes. Accordingly, among other things, the present 
invention is directed to a machine-readable medium including machine executable instructions 
for causing m >~h \c eg processe ir. £ one rm re if the 

steps of the above-described method(s). 
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Numerous additional variations on the methods, and apparatus of the present invention 
dcs i be a pp are e si n the 1 •< ve description oi 

> 5 ,c u I - : - ! ^ 1 v. > i - nr* e sr. 3 . le 1 v i 

5 rsethod c i e{ it invention m c various embodiments vc 

with CDMA o h g > eque cydri <i mil ilex ig (OFDM i ither types oi 

communications techniques which may be used to provide Wireless communications links 
s wet ccs nodes dmobik >des In some erob c 

unpknwmeu as base stations which establish communications Imks with mobile nodes using 
10 OFDM and/or CDMA. In various embodiments the mobile nodes are implemented as notebook 
. <>nmutem d a^ D wi <<<w v i v f v, v e 

t en.mts m logic and/or routines, for impk entingthe n 

present invention. 

15 Fig. 14 illustrates the steps of an exemplary method 1400 of transmitting pilot tones in 

multiple sectors of a ceil in a synchronized manner in accordance with the present invention. 
The method starts in start node 1402 and proceeds to step 1404 wherein a current symbol time 
counter is initialized, e.g., to 1 . Symbols are transmitted m she exemplary system on a per 
symbol basis with a symbol time being die time used to transmit one symbol along with a cyclic 

20 prefix which is normally a copy of a portion of the transmitted symbol that is added for 

redundancy to protect against multipath interference and minor symbol transmission timing 
errors. 

x i v o i see -t >- 1 > 1 ^ e <--no > < no! ^ to 

25 U-d isn > > m tx i in the v. urrent symbol time in each sector in a 

synchronized manner using the same tones in each sector according to a pre-selected pilot 
transmission sequence, e.g., phot tone hopping sequence, using pre-selected transmission power 
,e\el in each secto ot leceli While p s are trans n each sc rofac laralie 

the power level transmitted on i tone mas be some pre selected k ml or zero in the case of a null 
30 tons Wl c n times o liiot signals m e i seeto 

slight ummg j- M — sectors mas occur. Thus, each sector ma\ actual b iso a citferent 

symbol transmission time period. However, the symbol times in each sector are sufficiently 
synchronized that them is substantial overlap in the symbol times used io transmit symbols in 
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each seaot Venal iv - - a n * 1= ^ - K a-s niv * matures 

d c icno ?e o be > "I n . j ,i t v i ^ v ^ n; 

the cyclic prefix sometimes called the cyclic prefix duration. Thus, there is normally substantial 
overlap in the symbol times of the different sectors even if there is not perfect overlap in symbol 
5 times. 



Which tones are used tor pilot tones during a particular symbol time is determined from 
the tone information 1238 included pilot hopping sequence tone information 1234 while the 
power to 1 1 ^ one n each seme- of the ce >m < ompowei 

10 level information 1236. 



Once the pilot tones are transmitted for the current symbol time in step 1406 operation 
proceeds to step 1408 wherein a current symbol time count is incremented by 1. Then in step 
1410 a check is made to see if the current symbol time has reached a maximum symbol time. If 
15 the current symbol time is equal to the maximum the current symbol time is reset to I so that the 
i t i > - i l ' e ii ■ < 

tones continues to repeat according to the implemented pilot tone hopping sequence until base, 
station transmission stop or some other event: daises the pilot signal transmission process to be 
interrupted 

20 

Refc gs 15-17 various exemplary pilot tone transmissions are shown 

tk> l v\0 1 y i an J - > e n ' <m >o. 

In accordance with the present invention, pilot tones are transmitted using the same tones 
25 lit multiple sectors of a cell at the same or substantially the same time. In various embodiments 
of the present invention the synihol transmission times are synchronized r the various sectors of 
the cell Assuming perfect synchronization, there would be full overlap in terms of time 
between the pilot tones transmitted in the various sectors of a cell at any given tone. 
Unfortunately, as noted above, precise synchronization may not be possible for a variety ot 
30 Tvjcirs tclw cC m > ■* co? o - s.ko'W ng transmit s m v e 

te Ktso era ig \ tig reque e rios t " \ sy c ze 1 i t ' dm ion •< 
substantial amount of overlap of symbol times exists between the sectors. Thus pilot 
ins ^ hi ,iox -m e ! I ^ < *• p ni g on r«*< -mmr-icnt »\ i * 
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assunie full overlap during at least a portion of each sectors symbol transmission nine possible. 
As nertuneo m-c r ^ v s v. v\ hoi 1 

symbol transmission start times between the various sectors of a cell usually is leas than the 
duration oi c prei llyi d yr 

5 

For purposes of discussion, it will be assumed that there is full synchronization with 
il i i > i c tann-. n eaci 

sector of a mulls-sector cell. However, the above discussion makes it clear that such precise 
\ \ ot /i ] ~i I )M c ^ ma i« ». to* i d to pi i u r lus !. 

10 transmjv-.il in c.vh sec <■- , mvvp^no to adiiterent symbol time nhich may be sbghtiy oh set 
from the symbol time of the adjacent sector, in accordance with the pre ?ent 1 wentton >\ hsle 
pilot ton< c smilted n each sector of a cell on the same set of tones in a synchronized 
manner, the power of the pilot tones in different sectors- of a cell are controlled to permit 

ci >r,d the noise 

1 5 contribution from other, e.g., adjacent sector(s) as well as background noise. 

1 f ^ i j f e t { L i v n t rsed 

during a single symbol transmission time. Alternatively, one pilot signal may be used per 
symbol time wi the pilots is d d e e els during differei 

20 successive, symbol times. In such a case, the pilot signal measurements made during different 
symbol: times may housed to produce the two different channel quality indicator values which 
are returned to the base station in accordance with the invention. 

Fig. 15 is a chart 1500 showing a two- sector pilot tone transmission sequence 
25 mpb ed in one mplary ei mt of the present inventio h wil .vase ssed 

below, the sequence shown in Fig. 15 can be extend to systems with N sectors, where N is an 
arbitrary number greatei than L The sequence shown in Fig. 15 is implemented for a cell which 
includes two sectors, sector A and sector B, The symbol times in each sector may be slightly 
offsc it suhs iby o> ) ' v v J 1 1 > 1 n d he sarne symbol rime 
30 aitk ugh acts e y aeing two s ighth diffe ent symbol times in man) cases The irst column 
1502 titled time refers to the symbol time in which a tone is transmitted assuming perfect 
synchronization between sectors. In on e embodiment where the same tone is used in each 
symbol time for pilot signal purposes, each symbol time 1 through 4, corresponds to a different 
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ettrreni symbol time. The second column 1504 titled TONE lists the tone, e.g., frequency, on 
which the pilot signals are transmitted. Each row corresponds to one tone. Different rows may 
correspond 10 the same or different tones depending on the particular implementation. For 
npk re the first througi ins i les the ame i ent symbo time 

S then the firs ugh fo ~v column 1504 w be different ice eac >i!ot signal 

equire tone ^ i ises ere the firs c 4 yi v roes in column 1502 
tirrt&oo^ is i ents s column 1504n be the same 

or different. 

1.0 As discussed above each row 1512, 1514, 1516 and 1518 corresponds to the transmission 

i ^ V and Beg <i to u 1 The 

transmission power levels in each of the sectors may be different or the same. In each case, the 
pilot tone transmitted at any point in time is transmitted with a pie-selected transmission power. 
Thus, the transmission power and tone on which a pilot signal is transmitted will be known to 

15 both the base station 1 200 and wireless terminals 1300 since this information is stored in both 
devices and both devices know the current symbol time from timing information available in the 
cell. In Fig. 15, the third column 1506 lists the pilot signal transmission power level for the pilot 
signal transmitted in sector A using the tone to which the particular row corresponds. Similarly 
the fourth column 1.508 lists the pilot signal transmission power level for the pilot signal 

20 transmitted m sector B using the tone to which the particular row corresponds. -Et^-t --i- 
*SfrCo,lumn 1510 is included for purposes of explaining a 3 sector embodiment later but is not 
used in the two sector implementation being described in regard to Fig, 15. 

Each rectangle in column 1506 .-and 1508 represents astep of transmitting a pilot signal 
25 in il i 1 v et symbol i indicated n cokm s 1502 s ng stone 

indicated in column 1504, In pmcti.ee, the tones are transmitted at slightly different symbol 
times in each of sectors A. and B, e.g., first and second symbol times which correspond 
substantial!} to the symbol time listed in ooinmn 1502. A 1 is used to indicate a non-zero pilot 
having a first pre-selected transmission power while a zero is used to indicate transmission of a 
30 null tone, e.g., a pilot signal with transmitted with zero power. 

Row 1512 shows that at symbol time 1, using tone 1, a 1 pilot signal is transmitted in 
sector A while a NULL pilot signal is transmitted in sector B. This makes it possible to measure 
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the contribution of -nter-sector interference in sector B caused by sector A transmission on the 
same torse. It also allows sector A to make accurate measurements of the attenuation in sector A 
\ t ^e ! s . Am c so t 1 us us ^ P i v s s 

symbol time 2 wherein tone 2 is used to transmit a NULL tone in sector A and a I pilot signal in 
5 ses >r B 1 > ctor A to determine the amo i erferenee du jec oi B 

transmission on the same tone. Row 1516 corresponds to symbol time 3 wherein tone 3 is used 
to transmit a NULL pilot signal in bom sectors A and B making general background noise 
measurements possible on tone 3. Row 15.18 corresponds to symbol time 4 wherein tone 4 is 
used in both sectors A and B to transmit I pilot signals. In such a case each sector can measure 
.10 the effect of having a signal transmitted with the same non-zero power level in each of sectors A 
and B at the sams mre Ni sally spot p i ! s re l mss tted 

and second rows 15 ! 2, 1514 of Fig. 15 and at least one of rows 1516 and 1518 in order to 
provide a wireless terminal to make sufficient signal measurements which required as input to 
the two different functions used to generate the first and secot d channel c il.it) indicate! \ alues 
15 that are feedback to the base station 1200 in accordance with one feature of the invention. 

Fig. 16 is a chart 3600 illustrating illustrates m exemplary pilot tone transmission 
sequence for a three sector system. As in the Fig. 15 example, the first column 1602 
corresponds to symbol transmission time, the second column 1604 corresponds to tone white 

20 columns 1606, 1608 and 1610 indicate pilot signal transmissions in each of three sectors A, B 
and C of a cell respectively. Thus, as in the Fig. 15 example, each rectangle of column 1606, 
1608 and 1630 which corresponds to one of the first through fifth rows, 1612, .1614, 1616, 1618, 
1620 represents the step of transmitting a pilot Signal on the indicated tone in the indicated 
sector. While the tones used in each row are the same in each sector, as discussed above, when 

25 each of the symbol times corresponds to the same current symbol time, the each of the first 

through fifth tones will be different. However, when each of the first through fifth symbol times 
are different the first through fifth tones may be the same or different. 



Note that i he Fig > ei es tio e pilot signs t 

30 sector with a null pilot being transmitted on the same tone in an adjoining sector. Also note the 
ise o\ 620 wha - s been desenbed as ceil na rich f itates background noise 
u ^ - 



Fig, 17 i chart 700 shov, igat ee sec mp ne < >> s t to Fig 6w hthe 
pilots transmuted in each sector being described, in a more genera! manner in terms of power 

s T isroissio 15 pd gh Pi 5 are shown in the Fig 17 embodimei 5 th 

each pilot being mansmitted at a different symbol time in the case where each row corresponds 
5 oa fferent tra i n s > t e case where .each o ic ted signals are bt 
transmuted in in., same onhs time. Usee edTm-rn iorobol tiroes -ne sa^\n, with the 
I t , ie« i ea > i > K t on J m s ns aie I> m^ 

ee ymbo 1 ? v. 5 the other sectors. 

10 As in the Fig. 15 and 16 examples the pilots of each row 1712, 1714, 1716, 1718, 1720 

ate L^nsrn \> %s s o , , ! ^ 

being shown as being transmitted at 5 different symbol times as listed in the ftsefirst column 
1702, when variations in sector transmission times is taken into consideration each rectangle 
listed on the headi si Sector may actually correspond to a different symbol time with the symbol 

1 5 times of each row substantially overlapping and being identical in the ease of precise 

. < ,!/ m,r The po*ei level of each of the first through 15* pilots PI through PIS are 
representee in parenthesis, e.g., the transmission power for PI is pi. While in some cases such 
as in the Fig. 16 example two different power levels are supported, multiple known power levels 
may he supported. The last row 1720 of Fig. 17 represents the transmission of a NULL pilot 

20 signal ust ng tone 5 in each of sectors A, B and C according the power level of these pilot signals 
is 0 in each case. 

Fig. 18 illustrates a chart 1750 showing the ti a- ^ 1 > 1 

during a single symbol transmission time period. In the Fig. 17 implementation the 0 is used to 

25 represent a NULL pilot signal, while a 1 is used to represent a pilot at a single known non-zero 
transmission power level which is normally higher than the power level at which data is 
transmitted. D is used in the chart 4-309-1750 to illustrate the transmission of data in one of the 
sectors A. B and C. The data signal D is usually transmitted on the tone at a power level lower 
than the pilot signal level 1 and therefore may not cause significant interference with the pilot in 

30 the neighboring sector. Data is normally transmitted in each of the sectors on additional tones 
not shown in Fig. 17 during the illustrated symbol time. In the OFDM embodiment of the 
present invention, in a given sector such additional daia tones do not interfere with the pilot 
tones since they are orthogonal to the torses used to transmit pilot signals. Fig, 19 illustrates a 



_ Kx v >i ' ^ 5 ! o ernm< 1 v o s<m^ ^otwign^i e >. ? 

station 1200, which were transmitted in accordance with the present invention. The received 
fik*^T<K'ie iv i i) ^ T , . f. < s ii *e i i 1 ' -o , \»f 

level- d m i _ >. o\ jm, Jc\ iv.c te si - , «. ^ 

5 K i ci ii i en > ! i i i 1 v eh - _ ' a^ 

miencieaee. 

The method 1800 starts in start node 1802 and proceeds along two processing paths 
ego ngwnl tep 1804 o ?spe ^els Thetwoproees paths n I 

10 ir' , ' . .d ii < g , m the case vl here mi tp e n m ^ _ S m ^ -eiiv.^i 
no» e seveK ax , s ^ . vmbol time, or .in series, e.g., in the case where 

pilots are - v. c. -er <cr mmv ^ >: v. same tone but different power levels daring different. 
s>?oK s ucmrr sw- Oa ex 

15 In step 1804, the wireless terminal BOO measures at least one of an amplitude and a 

phase of a first pilot signal that was transmitted with transmission power PI to produce a first 
measured signal value. The first measured signal value is then used in step 1806. In step 1806, 
a first channel quality indicator value is generated from the first measured signal value according 
to a first function, fl , which uses at least said first measured signal value as an input. The first 

20 channel quality indicator value generated by function f 1 may be, for example, an SNR value or a 
signal power value, corresponding to said first received pilot signal Function f 1 may use other 
signal measurements and/or other information as inputs in addition to the first, measured signal 
value writ - ' quality indicator value. Operation proceeds from step 

1806 to step 1812. 

25 

hi step 1808, which may be performed in parallel with step 1804 in some embodiments, 
die wireless terminal 1300 measures at least one of an amplitude and a phase of a second pilot 
signa v n'ch v s transmitted i ist k i powe Pd where P2 i dt erent 15 PI The 
measurement produces a second measured signal value which is then used in step 1810. In step 
30 18 H» a Second c laanei r\ > value is generated Knn ft second me.oured signal 

value according to second functi n, f2 \ h el tses i \t seco id measured sign; I value as at 
input. 'The second function is different from said first function and uses at least the second 
measured signal \ .due as an input but may also use other ^ i < n*s as inputs as well 
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In some embodiments, the second channel quality indicator value generated by me second 
function is an SNR value corresponding to the second pilot signal while in other embodiments it 
is a signal power value, e.g., an indicator of received signal power, corresponding to the second 

i to step 3812. 

5 

In step 'w P the w= re less ui ended 1300 determines the location of {he vrnvLss terminal 
relytm n> i t - sec \ i . t ( cs oundap 

location indicator value information discussed above. Using the relative boundary location 
and/or other information generated in step 1812, in step 1814 the wireless terminal 1300 
10 get t v t dicator value 1814, e.g., having a value corresponding to one of 

the values shown in column 1 ox Table 2. With the first and second channel quality values from 
steps 1806 and 181.0, and the boundary location indicator value from step 1814, operation 
hkywio o^n. 1 i P > i 1 i i P ] i ~* s > v v w v Te- 

station 1200, 

15 

Step 1816 involves the transmission of the first and second channel quality indicator 
values and the boundary location indicator value, e.g., as part of one or more messages. Two 
alternative > s * * hs are shown with a single processing path being used in any particular 
implementation. The first processing path beginning with sub-step 1820 and ending with 1826 
20 represents the case where various information is included in a single message- The second 
i I i vim step 1 and ending with step .1 840 corresponds to the case 
where different messages are used to transmit each of the various values. Messages in this 
context arc \ N . - id include signals which convey the particular values to 

be communicated. 

25 

In step 1820, the first eh a uaiity indica due v s i essage 

Then, in step 1822 the dc \tl qua! ndicat ue is incorporated into t t 
message. Next, in step 1824 the boundary location indicator value is incorporated into the first 
1 x ^e^^i.v ? {hen communicated to the base s\ n- * ,2 >w ^ -vn 
30 e.g., by transmitting the first message over a Wireless communication hnk. This is done in 

various embodiments using one or more dedicated time slots of .-a control channel used to report 
channel quality and/or other feedback information from wireless terminals to the base station 
1200. As a result of the dedication of the time slot to the wireless terminal using it to report 



-43- 

channei quality and other information, other wireless terminals or devices in the sector will nor 
use the time slot. Thus, through the use of deceased uaie slots s-m- "mo conflicts are 
avoueu ? - i , . ^o i a i i i 1 i v r hi 1 »iai 

n , r c s i is > iv s ltd * ~r- n a 

5 sent > ndicating t the roc transitu vi s i 

That is, the base station 1200 knows that values transmitted in the utilized control channel are to 
have a certain preselected format and represent, e.g., first and second channel quality indicator 
values followed by a two bit boundary location indicator value. Tims, the amount of overhead, 
e.g., header overhead, used to transmit such messages anchor values can be minimized. With the 
10 transmission of the generated values having been completed in step 1 826, operation returns to 
steps 1804 and 1808 wherein signal measurements are made on new pilot signals with the 
^ovj.' \ • <<>< ^ ....^estmc 

In step 1830, which corresponds to the alternate value transmission path shown in step 
15 1:816, the first channel quality indicator value is incorporated into a first message, e.g., a signal, 
which is then transmitted to the base station in step 1832. Then, in step 1 834 the second channel 
quality indicator value is incorporated into a second message, e.g., signal, which is transmitted 
in step 1836. The boundary location indicator value is incorporated in step 1838 into a third 
message, which is then transmitted to the base station 1200 in step 1840. As in the case of the 
20 combined message transmitted in step 8126, the individual messages transmitted in steps 1832, 
1836 and 1840 may be transmitted using dedicated segments of a control channel dedicated to 
the communication of feedback information. Operation proceeds from step 1.840 to steps 1804 
and 1808 with the processing of generating the channel feedback information and reporting the 
information to the base stance ! 200 repe itb g ove ' me 

25 

Figure 20 shows a flowchart 1900 illustrating a method of operating base station (BS) 
1200 in accordance with the present invention, e.g., to transmit pilot tones and to receive and 
process feedback information to determine the powei leve t whid > transmit da a 5ig a - 
The method st vith step 1902 where the base static* > p n and operation i 

30 step 1904 . base station's transmitter 1204, coupled to a multi-sector antenna 1205, transmits 
pilot signals into each sector, e.g. SO 1 106, 51 1108, 52 1.1:10 of a multi-sector cell, e.g., 1 104 at 
the same time in a synchronized manner using predetermined power levels and tones such that 
the. transmission of the pilot tones into each of the sectors 1 .106, 1 108, 1 1 10 of the cell 1 104 use 



e same set of tones ai ransmitt ui e sa; e in € n v x 

16, 1108, I e transmission c i ne i s p 5 > erfoi ec ids 5 e 3 

of the pilot signal genet t f >ntrol .? te 1 230 using p me power leve 

info 1236 and tone info 1238. Operation proceeds to step 1906 where BS 1200 receives 
5 aessage m at lea it > WT) K) including, « v channel i 

j v orva tes, e.g., first and second channel q it) i di or % J, an< set > \ 

i he mes e t eceived under the direction of the received s ? rial 

processing ine 1260 is led in base station 1200. In step 1908, the base station, under the 
t ecta channel qua! t i due extraction modi c 262 exirac least tw< 

10 different channel quality indicator values 1250, e.g., from a single message or from multiple 
n \ :t_c;vC>J i ! i vs terminal I U ! n fom. c;wK:Jmmvf. tjj> Wiamwi \ i \ 
indicator value is in a separate message, in other embodiments multiple channel quality 
indicator values are include in a single message from a WT 1300. Next, in step 1910. the base 
station 1200, under control of position information extraction module 1264, extracts location 

15 nformatio i >n ^ 

position of a wireless terminal 1300 relative to a boundary in a multi-sector cell. This location 
information may have been transmitted by WT 1300 in a separate message or may have been 
ndik h'^ 1 i i s. i w> hi<* < v t > i *. n r 

identify whether the WT 1 300 is near a sector boundary, and identify which she-sector boundary, 

20 v via Iro i w h eh \ highci level of transmission power dependent 

interference is being received. Sector boundary information extracted from received messages is 
stored - sec-tot oounc ar> p< i ion ir forrnatio 5 1252 in BS 1200. 

Proceeding to step 1912, t >ase ' i % ! i * 

25 ca ula n routine .1 226 calc Sates on ast fit nd st channel a i or value 
]2 x -i> . anmuni <a'naCNmi^i--i' . tcqui oc m a>me a oeMice sigrn: > i ; s* ratio at said 
wireless terminal 1300 from winch said first and second channel quality indicator values 1250 
were received. In step 1914, the base station scheduler module 1225 operates to make 
scheduling decisions for the wireless terminals 1300. In sub-step 1916, the base station 

30 scheduler 1225 makes decisions for the WT 1300 based on determined SNR, e.g., BS 1200 

schedules segments to the WT 1300 on channels with transmission power levels that will result 
in a received SNR of the WT 1300 exceeding the minimum acceptable level for the data rate and 
coding scheme used in sub-step 1918, the BS 1200 scheduler 1225 makes decisions for the WT 



> - v_ ! > st to; c i < i sition inform ion 252 e.g o WT 300 ids b - \ 
beii g neai a sector bounda ) j ents < 5 e WT " \ 0 wit 

b _ !> ^ t , f '„ ' > v i ! e l_ ~ _ k v 1 1 r\Usoe eg 

5 ) 1214, urde* - di ec 

a < scheduler tm & 

channel quality indicator values 1250 thai were received. 

Operation proceeds from step 1920 back to step 1904 and die method is repeated.. Base 
10 si i v 2 > tmt.-n ct Kg pilot Signals in a symhroi ,/ed manna mto each 

s u 1 i s 00 1 ' > n 1 o s U v is 

terminals 1300, may send messages including set of channel quality indicator values 1250 and 
sector boundary pos i » lation 1252 at * ere times an different? s depending on 
factors such as the state of operation the wireless terminal is in, e.g., on, hold, sleep. 

15 

The- invention is directed to, among other things, machine readable medium such aas 
memory, compact disks, etc. including machine executable instructions, e.g., software modules 
or commands, for controlling a processor or other device to perform processing in accordance 
whh one or more of the various method steps of the invention. Various features of the methods 
20 and appa? atus of the invention can be used in a wide range of communicati oris systems 

including, but not being limited to, OFDM, CDMA and other types of communications systems. 
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ABSTRACT: 

Pilot signal transmission sequencer and methods for use in a niuUi -sector cell Pilots in 
h en -i- u ( if <. f <- i ~>o*,u La s_r. c ^apnois 

transn t d ^ v I < is tT ec it This i ve - t s 

a NULL, pilot signal A cell NULL is also supported in which NULL pilots are transmitted in 
each sector of a cell at the same time. Mt > - t - ts are made At. least, two 

s i e nts corresponding to at least two 
pilot signals of different power levels. The two values are transmitted back to the base station 
which uses i - ehk e a desired SNR at the 

* re sstern ia The wireie i5 terminal also epotts inf n ton m a xatio 
sector boundary . 



